H aving filled a fresh, tube w ith fresh spun glass, I carefully exhausted w ith th e S prengel pum p on Ja n u a ry 24th, an d th e exhaustion was k e p t u p till F eb ru ary 5th, th a t is, fo r tw elve days. D uring th is tim e I freq u en tly tested w ith th e M cLeod gauge. A v ery i slight increase of p ressure w as found d uring th a t in te rv a l; b u t it was iso slight th a t I am n o t able to say th a t i t w as g re a te r th a n th a t < which is observed a t all tim es, even w ith th e S prengel pum p in excellent order, w hen a vacuum is m ain tain ed for several days.
H aving filled a fresh, tube w ith fresh spun glass, I carefully exhausted w ith th e S prengel pum p on Ja n u a ry 24th, an d th e exhaustion was k e p t u p till F eb ru ary 5th, th a t is, fo r tw elve days. D uring th is tim e I freq u en tly tested w ith th e M cLeod gauge. A v ery i slight increase of p ressure w as found d uring th a t in te rv a l; b u t it was iso slight th a t I am n o t able to say th a t i t w as g re a te r th a n th a t < which is observed a t all tim es, even w ith th e S prengel pum p in excellent order, w hen a vacuum is m ain tain ed for several days.
On F eb ru a ry 5th, I passed th re e or fo u r bottlesful of m ercury through th e pum p, an d had a vacuum of ab o u t 0*5 M as show n by the McLeod gauge. I th e n applied heat, an d had in sta n tly an ab u n dance of gas given off from th e sp u n glass. T his w as collected as before, and analysed.
The nu m b er of glass fibres w as 15,500, giving an estim ated surface area of 3527 sq. centim s. The am o u n t of gas given off was 0'41 c .c .; which is considerably less in p ro p o rtio n th a n in m y first experim ent.
Of th is gas it was found th a t 78'6 p er cent, w as carbonic acid gas (absorbable b y caustic p o tash). Of th e re m a in d er 10'5 p er cent, was oxygen (absorbed by pyrogallic acid and potash) ; w hile 89'5 p er cent, was left u n a b so rb e d ; an d m ay be supposed to be m ainly nitrogen.
The very large proportion of carbonic acid gas is rem arkable, and it is difficult to account for, unless we m ay suppose th a t it was taken up by th e glass in la rg e q u an tity d u rin g th e operations of draw ing o u t the glass in to fibres, and enclosing it in th e con tain in g tube-operations d u rin g w hich th e re was, in these p re lim in ary experi ments, an ab u n d an t supply from th e blow pipe flames.
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II. " On
The au th o r rem ark s on th e difference of opinion betw een p h y si cists and geologists resp ecting th e probable th ick n ess of th e o u ter crust of th e ea rth -the form er, on th e stre n g th of its g re a t rig id ity and th e absence of tides, contending fo r a m axim um thickness and com parative solidity of th e whole m a s s ; w hile th e latter, in general, on th e evidence of volcanic action, th e crum pling and folding of th e strata in m ountain ranges, its general flexibility down to th e m ost re cen t geological times, and the ra te of increase of tem perature in descending beneath the surface, contend for a crust of minimum thickness as alone com patible w ith these phenomena.
The question of underground tem perature, which is a subject equally affecting th e argum ent on both sides, had engaged the a u th o r's atten tio n in connexion w ith an inquiry respecting volcanic action, and he was induced to tabulate the results to see how far the usually received rates of increase were affected by various interfering causes-n ot th a t m ost of them h ad not received due attention, but it was a question w hether sufficient allowance had been m ade for them.
A lth o u g h G ensanne's first experim ents were m ade in 1740, and others were subsequently m ade by Daubuisson, Saussure, and Cordier, in coal an d other mines, i t was not u n til th e construction of deep artesian wells commenced in th e second q u a rte r of 'th is century, and W alferd in introduced his overflow therm om eter, and precautions were tak en against pressure, th a t th e more reliable observations were m ade and adm irably discussed by Arago. The Coal Commission of 1866 collected a m ass of im p o rtan t evidence bearing on th e question, and in 1867 a Com m ittee of the B ritish A ssociation was appointed to collect fu rth e r inform ation. U n d er th e able superintendence of Professor E verett, a series of valuable experim ents w ith improved instrum ents has been made, and full particulars published in the A nnual R eports of 1868-1883. B u t n o tw ith stan d in g the precautions taken, and the accuracy of the experim ents, th ey present very wide differences in the therm om etric g radient, ran g in g from u n d er 30 to above 120 feet per degree F ahr. C onsequently different w riters have adopted different m ean values.
On th e C ontinent one of 30 m etres p er degree C. has been commonly adopted, while in th is country some w riters have taken a m ean of 50 feet per degree, and others of 60 feet or more. The object which the au th o r has in view' is to see w hether it is not possible to eliminate ihe m ore doubtful instances, and to bring th e probable tru e norm al g ra d ie n t w ith in n arrow er lim its. In so doing he confines himself solely to the geological side of the inquiry.
In a general list, Table I , he gives all th e recorded observations in th e o rder of date. The list em braces observations a t 530 stations in 248 localities. The m ost reliable of these he classifies u nder three heads, in Tables II, I I I , an d IY .
1. Coal mines. 2. M ines o th er th a n coal. 3. A rtesian wells and bore-holes. To w hich tu nnels are added in a supplem ent.
The au th o r th en proceeds to point out th a t th e gradients given in m any of th e earlier observations were w rong in consequence of neglecting the h eig h t of the surface, and from the exact mean annual tem perature of th e lo cality n o t being know n. T hey also differed amongst them selves from ta k in g different su rface tem p eratu res, an d starting from different d atu m levels.
To th ese he endeavours to assign uniform an d co rrec te d values.
The essential differences in th e re su lts in th e several tables depend, however, upon d issim ilar geological conditions, w h ich u n eq u ally affect the conductivity of th e s tra ta , and d istu rb in g causes of different orders. In th e m ines th e la tte r are-1. The cu rren ts estab lished by v e n tila tio n and convection. 2. The circulation of u n d erg ro u n d w aters. 3. Chem ical reactio n s. 4. The w o rking operatio ns. And in artesian w ells-1. The pressure of th e w a te r on th e th erm o m eters. 2. Convection c u rre n ts in th e colum n of w ater.
In the la te r ex p erim ents p ressu re has been th o ro u g h ly g u ard ed against, b u t ag a in st th e su b tle influence of th e o th er causes, th o u g h long known, i t is m ore difficult to g u ard .
Goal M ines.-T he a u th o r th e n proceeds seriatim w ith each subject, commencing w ith coal m ines. In these he shows th a t v en tilatio n an d convection c u rre n ts have re n d ere d m an y of th e results unreliable, as he shows to have been th e case in th e w ell-know n instance of th e Dukin field coal p it. T he circ u latio n of a ir in coal p its varies frorm 5000 to 150,000 cubic fe et p e r m in u te, and tables are given to show how th is variously affects th e te m p e ra tu re of th e coal a t different dis tances from the sh aft though on the same level. A s a rule, th e deeper the pit the m ore active is th e v en tila tio n , an d th ere fo re th e m ore rapid the cooling of th e u n d e rg ro u n d stra ta . I n some p its th e indraughted a ir h as been k n ow n to form ice, n o t only in th e shaft, b u t icicles in th e m ine n e a r th e shaft.
The cooling effects of v entilation are show n to begin im m ediately that th e faces o f th e ro ck and coal are exposed, and as th e h o tte r (and deeper) th e p it, a n d th e m ore gassy the^ coal, th e m ore active is the ventilation, so these surfaces ra p id ly u n d erg o a cooling u n til an equilibrium is estab lished betw een th e norm al u n d erg ro u n d tem perature and th e te m p e ra tu re of th e a ir in th e gallery. J u d g ing by th e effects of th e d iu rn al v ariatio n s on th e surface of th e ground, it is clear th a t w hen th ere is a difference of 10° to 12° o r more between th e a ir in th e g allery a n d the norm al tem p eratu re of the rock, an exposure even of a few days m u st tell on th e surfaces of both coal an d rock to th e dep th of th e 3 to 4 fe e t-th e usual depth of the holes in w hieh th e th erm o m eters are placed. The designation of " fresh open faces " is no security, as th a t m ay m ean a day or a week, or more. T h e au th o r considers also th a t so fa r from th e length and permanence of th e experim ent affording security, he is satisfied
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on th e co n tra ry th a t those experim ents in which it is stated th a t the th erm om eter has been left in th e rock fo r a period of a week, *; m onth, o r two years w ith o u t any change of tem perature, affords p rim d facie evidence of error, inasm uch as it shows th a t th e rock has so fa r lost h e a t as to rem ain in a state of equilibrium w ith the air • a t th e low er tem p eratu re in constant circulation. A n o th er cause of th e loss of heat w hich requires some notice is the j escape of th e gas, w hich exists in th e coal eith e r in a highly com. piessed, or, as th e au th o r th in k s m ore probable, in a liquid state. A stro n g blow er of gas has been observed to ren d er th e coal sensibly ■ cooler to th e touch. In an o th er case w hereas th e tem perature of the coal a t th e d ep th of 1269 feet w as 74° F ., a t th e g re ater depth of 1588 feet in a hole w ith a blow er of gas it was only 62°. One witness observed th a t " th e coal gives o u t h ea t quicker th a n -the rock." T here is generally a difference of 2° or 3° betw een the two.
O n th e o th er hand, th e coal and rocks w hen crushed and in " creeps " acquire a h ig h er tem p eratu re ow ing to th e liberation of h ea t by crushing.
T he effects of irre g u la ritie s of th e surface on th e underground isotherm s, alth o u g h u n im p o rtan t in m any of o u r coal-fields, produce very decided resu lts in the observations on the same level in th e mines am ong th e hills o f S o u th W ales. Sections are given to show how the tem p eratu re rises u n d e r hills and falls u n d er valleys, show ing th a t it is often essential to know n o t only th e depth of the shaft but the dep th beneath th e surface a t each statio n w here the experim ents are m ade.
T he au th o r th erefo re considers th a t to assign a value to an observa tio n we should know -*1. H e ig h t of p it above sea level. 2. The exact m ean an n u al tem p eratu re of th e place. 3. D epth beneath the surface of each statio n . 4. D istance of th e stations from the shaft. | 5. T em p eratu re and colum ns of air in circulation. 6. L ength of exposure of face. 7. W h e th e r or n o t th e coal is gassy. The dip of th e s tra ta an d the q u a n tity of w a te r are also to be noted.
"Very few of th e recorded observations come up to th is standard, I an d th e au th o r has felt him self obliged to m ake a very restricted ; selection of cases on w hich to establish th e probable therm om etric g ra d ie n t fo r th e coal strata. A m ongst th e best observations are those m ade a t Boldon, N o rth Seaton, South H etton, Rosebridge, W akefield, ■ L iege an d M ons.. These give a m ean g rad ien t of 49^ feet for each \ degree F. The bore-holes a t Blythsw ood, S outh B algray, and Creuzot ; give a m ean of 50#8 feet.
M ines other than Goal.-T he causes affecting th e th e rm a l conditions of th ese m ines are on th e whole very different to those w hich obtain in coal m ines. V en tilation affects both, b u t in very unequal degrees. In m ineral m ines it is m uch less active, and th e cooling effects are ; < proportionately less. On th e o th e r h a n d th e loss of h ea t by th e I underground w aters in m ineral m ines is v ery im p o rtan t. I n some j mines in Cornwall, th e q u an tity of w a te r pum ped up does n o t exceed {g gallons, w hile in o th ers it am ounts to 200 gallons p e r m inute. T he Dolcoath m ine used to fu rn ish h alf a m illion gallons of w ater in th e twenty-four h o u rs, w hile a t th e H u e l A b rah am m ine it reach ed th e large q u an tity of above 2,000,000 gallons daily. T h e ra in fa ll in ►Cornwall is about 46 inches ann u ally , an d of th is ab o u t 9 inches pass underground. In th e G w ennap d istrict, w here 5500 acres were com bined for drainage purposes, above 20,000,000 gallons have been dis charged in th e tw en ty -fo u r hours from a dep th of 1200 feet. T his water issues a t tem p eratu res of from 60° to 68°, or m ore th a n 12°
above th e mean of th e clim ate, show ing how larg e m u st be th e a b s tra c tion of h ea t from th e rocks th ro u g h w hich th e w aters percolate.
H ot springs are n o t uncom m on in these m ines. T hey are due to chemical decom position, a n d to w ater risin g in th e lodes a n d fissures from g re a te r depths. T he decom position w hich goes on in th e lodes near th e surface, an d w hereby th e sulphides of iron a n d copper are reduced u ltim ate ly to th e state of peroxides a n d carbonates of those metals, is a p erm an en t cause of heat, especially a p p a re n t in th e shallower mines. On th e o th er h an d , w here th e surface w a te rs pass ! rapidly th ro u g h th e rocks, th e y low er th e te m p e ra tu re , a n d give too low readings.
W hile ven tilatio n , therefore, reduces th e rock te m p e ra tu re , th e w ater w hich percolates th ro u g h th e rock, a n d m ore especially th ro u g h the veins an d cross-courses, som etim es raise, an d a t o th e r tim es low er the tem p eratu re of th e u n d erg ro u n d springs. M r. W ere Fox, who for m any years m ade observations on the u n d erg ro u n d te m p e ra tu re of th e C ornish m ines, gave th e preference to th e rocks, w hile Mr. H enwood, an observer equally experienced a n d assiduous, con sidered th a t th e u n d erg ro u n d springs gave su re r results. B o th w ere of course fully alive to all th e precautions th a t in e ith e r case it was necessary to tak e to g u a rd ag a in st these causes of interference.
T aking ten of th e m ost reliable of M r. H enw ood's observations a t depths of from 800 to 2000 feet, th e m ean gives a therm om etric g rad ien t of 42*4 feet p e r degree, b u t M r. H enw ood him self gives us the m ean of 134 observations to th e d e p th of 1200 feet, a g ra d ie n t of 41 "5 fe et to th e experim ents in granite, an d of 39 fe et to those in slate.
T aking th e experim ents of M r. Fox in eig h t m ines, v ary in g in depth from 1100 to 2100 feet, th e m ean of th e experim ents m ade in the rock give a g ra d ie n t of 43'6 feet p er degree. T he m ean of th e two observers give a grad ient of 43 feet p er degree.
F o r th e foreign mines, in th e absence of fu lle r data, and especially failing in inform ation of th e dep th of th e station b en e ath th e surface,
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w hich in th e h illy d istrict of F reib erg and H u n g ary introduces an elem ent of g re a t uncertainty, it is impossible to arrive a t any safe ; conclusion.
A rtesian Wells and Borings.-This class of observations presents i resu lts m uch m ore uniform , and w hereas the m ines observations' i w ere made, th e one in crystalline, and th e o th er in unaltered palseo-i zoic rocks, th e wells are, w ith few exceptions, in th e softer and less coherent rocks eith er of Cretaceous, Jurassic, and Triassic age, which ) are m uch m ore perm eable, and, as a rule, m uch less disturbed.
T he causes of in terference are m ainly reduced to pressure on the in stru m en ts an d convection currents. The early experim ents, where i no precautions w ere tak en against these, are, w ith few exceptions, \ unreliable, a n d m ust be rejected. The larger th e bore-hole th e greater I th e risk of convection currents, and Professor E v e re tt has shown i th a t in m any cases of deep and large arte sia n borings, th e w ater ) w hich lodges in th em is reduced to a nearly uniform tem perature | th ro u g h o u t th e whole depth by the action of these currents. In the I deep b o rin g a t S perenberg, before th e introduction of plugs to stop these cu rren ts, it was found th a t the tem p eratu re near th e top of the bore was rendered 4 '5° F. too high, an d a t th e bottom a t a depth of 3390 feet, 4'6°, if n o t 6'7°, too high by th e cu rren ts.
T ak in g th e bore-holes in w hich th e w a te r does n o t overflow, and w here, ow ing to th e precautions against these sources, such as those of K en tish Town, R ichm ond, G renelle, Sperenberg, P regny, and Ostend, we g e t a mean g rad ien t of 51'9 feet p e r degree.
O verflowing artesian wells should, if we w ere su re of all the con ditions, give th e best and m ost ce rtain results. T ak in g those where f th e volum e of w ater is large, and th e observations m ade by com petent observers, as in th e case of th e wells of Grenelle, Tours, Rochefort, 1 M ondorff, Min den, an d others, we obtain a m ean of 50-2 feet, or ta k in g th e tw o sets of wells, of 51 feet p er degree.
T he auth o r, however, points out a source of possible error in those i wells, arisin g from a peculiarity of tubage w hich requires investiga tion, and owing to w hich he th in k s th e w ater m ay suffer a loss of heat in ascending to the surface.
W ith respect to the extra-E uropean wells, m ore particulars are req u ired . I t m ay be observed, however, th a t the wells in th e S ahara D esert, w hich were m ade by an experienced engineer accustom ed to such observations, th e m ean of eleven overflowing wells, a t depths of from 200 to 400 feet, gave 36 feet per degree.
Tunnels.-F o r th e M ont Cenis Tunnel, allow ing for th e convexity of th e surface, P rofessor E v e re tt estim ates the g ra d ie n t a t 79 feet, an d fo r the S t. G othard, 82 feet per degree. B u t D r. Stapff found in th e g ran ite a t th e n o rth end of th e tu n n el a m uch g reater heat and m ore rap id g radient, fo r w hich th ere seemed no obvious explanation.
Though this axis of th e A lps is of late T ertiary date, th e au th o r points out that it cannot be due to th e pro tru sio n of th e g ra n ite , as th e Swiss geologists have shown th a t th e g ra n ite was in its p re sen t re la tive position an d solidified before th e elevation of th is la st m ain axis of the Alps, an d he suggests th a t th e h ig h er tem p eratu re m ay Ibe a residue of th e h eat caused by the intense la te ra l pressure and ^crushing of th e rocks w hich accom panied th a t elevation, for in th e crushing of a rig id m aterial such as rock, alm ost th e en tire m echanical work reappears as h eat.
Conductivity o f the Rocks. Effects of Saturation and Im bibition.-Some of th e ap p a ren t discrepancies in th e th erm o m etric g rad ien ts are no doubt due to differences in th e conductivity of th e rocks. A pply ing the valuable determ inations of Professors H erschel and L ebour to the groups of s tra ta characterising th e several classes of observations, the following resu lts are o b tained r-
Conductivity o f Mocks, Sfc. Prom th is i t w ould ap pear th a t th e cond u ctiv ity of th e rocks associ ated w ith th e m ineral m ines is tw ice as g re a t as th a t of th e artesian wells class. B u t all th e experim ents, w ith th e exception of th ree or four, w ere m ade w ith blocks of d rie d rocks, a n d those show ed a very rem arkable difference; thus, for exam ple, d ry N ew B ed S an d stone gave k0 00 250, w hereas w hen w et i t w as increased to k 0'006 The au th o r rem arks th a t as all rocks below th e level of th e sea and th at of th e riv e r valleys are perm anently satu rated w ith w ater, d ry rocks are the exception, an d w et rocks th e rule in nature, consequently the inequalities of co n d u ctiv ity m ust ten d to disappear. The pow er of conduction is also g re a te r along the planes of cleavage or lam ination than across them , and th erefo re th e dip of th e stra ta m ust also ex e r cise some influence on th e conductivity of different rocks and " m assifs." W ith respect to th e fo liated an d schistose rocks, M. Ja n n e tta z has shown th a t th e axes of th e therm ic curve along and across the planes of foliation and cleavage, are in th e follow ing proportions : - This cause w ill locally affect th e rock masses.
Mean
Conclusion.-The au th o r deduces from the th ree classes of observa tions a general mean th erm ic g rad ien t of 48 feet per degree F ah r., bat-
